Ninety-four microsatellites from enriched genomic libraries of Hessian fly (Hf, Mayetiola destructor [Say]) were localized to 170 cognate clones in an Hf bacterial artificial chromosome (BAC) library. These microsatellite-positive BAC clones were physically mapped to polytene chromosomes by fluorescent in situ hybridization. The mapped microsatellite loci can be used to study the genetic diversity and population structure of Hf.
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First described in 1817, the Hessian fly (Hf, Mayetiola destructor [Say] ) is a significant pest of cereal crops, especially wheat (Pauly 2002) . Its nuclear genome consists of 2 distinct classes of chromosomes, 4 nearly metacentric somatic (S) chromosomes (A1, A2, X1, and X2) that exist throughout the fly, and 20-45 eliminated (E) chromosomes that are limited to the germ line (Stuart and Hatchett 1988b; Lobo et al. 2006) . Gender is determined by elimination of the paternally derived X1 and X2 chromosomes from the early embryo in males. This elimination is governed by maternal genotype and usually results in all-male or all-female progeny from an individual mother (Stuart and Hatchett 1991; Lobo et al. 2006) . Because only the S chromosomes are present outside of the germ line, they must contain all the genes necessary for the fly's metabolism and host specificity. Whereas the E chromosomes possibly function in oocyte and initial embryonic development (Painter 1959) , also influencing the imprinting of genes in the S chromosomes, or propagating themselves without any advantage to the fly (Stuart and Hatchett 1991) .
As in Drosophila, the polytene chromosomes of the salivary glands are much larger than metaphase chromosomes in other tissues and permanently remain in a synapsed, semicondensed state (Pardue 1986 ). The salivary gland of the Hf is composed of an anterior basal region and a posterior filament region. The basal region cells are larger than the filament cells during the feeding phase of larval development, and it is the basal region that provides 4 distinct, unfragmented polytene chromosomes per cell in female larvae (Stuart and Hatchett 1987 , 1988a , 1988b .
Fluorescent in situ hybridization (FISH) has been used to determine the location of specific DNA sequences, either on a condensed chromosome, within an interphase nucleus, or on extended chromatin fibers. With or without suppression of hybridization of repetitive sequences, FISH has proved useful for mapping the physical locations of inserts from bacterial artificial chromosomes (BACs) and bacteriophage lambda clones (Grimm et al. 1997; Hasterok et al. 2006; Shoguchi et al. 2006; Sahara et al. 2007) . In this way, particular DNA sequences have been mapped to specific positions in the polytene chromosomes of Hf (Shukle and Stuart 1995; Schulte et al. 1999; Rider et al. 2002; Behura et al. 2004; Chen et al. 2004; Liu et al. 2004) , although the chromosome banding is not as fine as in Drosophila salivary glands (Corradini et al. 2003) or the nurse cells of mosquito ovaries (Sharakhova et al. 2006) .
Microsatellites (simple sequence repeats [SSRs] ) are frequently used as polymorphic genetic markers (Queller et al. 1993 ) that have been mapped physically by FISH using their flanking sequence in maize (Kato et al. 2004 ) and in various animal species (Chantry-Darmon et al. 2005; Stratikopoulos et al. 2008) . We have used the enriched library method (Schemerhorn et al. 2008) to develop a robust set of polymerase chain reaction (PCR)-based microsatellite markers in the Hf genome. In this study, we have identified BAC clones that contain these markers and used them as FISH probes to their physical location on polytene chromosomes. This is the first physical mapping of a set of microsatellite markers in Hf, and the markers can be applied to population analysis, recombinational mapping, and quantitative trait locus analysis. (Schemerhorn et al. 2008 ). Primer3#s default settings were used, except that product size was 75-300 bp, minimum T m was 57°C, maximum T m was 63°C, and maximum run of any single nucleotide was 5 (Table 1 ). The primer sequences were screened by a custom Perl script to avoid duplicates. Primers were synthesized by Invitrogen (Carlsbad, CA).
A 2 ll (10 ng ll À1 ) sample was screened from each pool of the Hf library pool collection. Each 25 ll PCR contained 0.2 lM of the forward and reverse primers, 1.5 mM MgCl 2 , 200 lM deoxyribonucleotide triphosphates, 1 U Taq DNA polymerase, and 1Â buffer (Promega, Madison, WI). After initial denaturation at 95°C for 4 min, there were 5 cycles of 95°C for 60 s, 52-56°C (depending on the primer's specific T M ) for 60 s, and 72°C for 60 s, followed by 30 cycles of 94°C for 30 s, 52-56°C (depending on the primer's specific T M ) for 30 s, and 72°C for 55 s. Final extension followed at 72°C for 30 min, and the PCR product was held at 4°C before electrophoresis in 2.5% agarose gels. Sequences were deposited in GenBank with accession numbers GQ257828-GQ257892. In the primary screening, the pool collection was screened with specific primer pairs to locate positive pools. Positive clones were confirmed by further PCR of individual clones that belong to positive pools. The number of individual clones screened depended on the number and position of positive wells in the pool collection. A single positive clone would amplify a fragment from 1 plate, 1 row, and 1 column. Most primer pairs amplified products from more than 1 plate, row, or column, requiring PCR of several to many individual clones to confirm the correct ones.
Mapping BAC Clones on Polytene Chromosomes of Hf
Hf larvae used in this experiment were biotype L, which originated from a field collection in Indiana and has been cultured in the laboratory at Purdue University for more than 20 years (Behura et al. 2004 ). Polytene chromosomes were spread and squashed from the salivary glands of early second-instar female larvae (Shukle and Stuart 1995) . Salivary glands were dissected from the larvae into 45% acetic acid. A set of 10 glands were transferred to a drop of 1:2:3 (vol:vol:vol) lactic acid, water, and acetic acid and incubated for 5 min. A siliconized coverslip was applied, and the slide was tapped from the side to dislodge the cytoplasm and promote spreading. The preparation was gently squashed between layers of paper towel to remove excess liquid and then inverted and squashed firmly at room temperature. Slides with good chromosomal preparations were stored at 4°C for 24 h under a weight to flatten the chromosomes maximally. Then each slide was dipped in liquid nitrogen, the coverslip was popped off, and the slide was dehydrated successively in 95% and 100% ethanol and air-dried.
The location of each microsatellite was visualized by FISH on the polytene chromosomes. Each microsatellite FISH probe was generated from its surrounding BAC clone. The BAC DNA was isolated using Wizard Plus SV miniprep DNA purification columns (Promega, Madison, WI) according to the manufacturer's protocol for plasmid DNA isolation. Probe labeling and FISH followed the protocols of Behura et al. (2004) , Chen et al. (2004) , and Liu et al. (2004) , with some modification. Dry slides were incubated in 2Â standard saline citrate (SSC) for 30 min at 65°C, then washed in 2Â SSC at room temperature, Figure 1 . Screening the BAC library for microsatellites by PCR. Primer pair Hf11 flanks (GTT)5 located at 6L2 in the 5Â coverage Hf BAC library. dehydrated through 70% and 95% ethanol and air-dried. The slides were denatured 3 min in 0.007 N NaOH at room temperature, neutralized in 2Â SSC for 5 min, and dehydrated through 70% and 95% ethanol. The hybridization mix contained 10% 2Â SSC, 10 lg/ll salmon sperm DNA, 50% (vol:vol) deionized formamide, 50% (wt:vol) dextran sulfate, and 40-100 ng of labeled BAC DNA. Denatured hybridization solution, ranging from 10 to 20 ll in volume, was applied to each slide, and hybridization was performed at 37°C overnight. Experiments used either singly labeled probes or mixtures of biotin-and digoxigeninlabeled probes. Probes were detected using antidigoxigenin and antibiotin with 4#,6-diamidino-2-phenylindole counterstain and Vectashield antifade. Fluorescent signals were examined with a Nikon Eclipse E400 microscope equipped with an Olympus Magnafire digital camera. Digital images were acquired and analyzed using Magnafire 2.1 and Adobe Photoshop 6.0 software.
Sequencing Analysis of BAC Clones
Nine BAC clones, which collectively contained 3 microsatellite sequences, displayed conflicting physical locations by FISH. DNA was amplified by using the same PCR primers, cloned, and isolated from the gel bands by using the TOPO TA Cloning Kit for Sequencing (Invitrogen). The clones were sequenced by the Purdue Genomics Center and compared with the Hf genomic sequence from which the microsatellites had been selected.
Results and Discussion
One hundred and seventy-three primer pairs were designed from the Hf microsatellite library and tested by PCR on a collection of 96 orthogonal pools (16 rows and 24 columns for 2 sets of 8 plates) of the 5Â Hf BAC library. There were 73 primer pairs that failed to amplify any particular sequence from any of the BAC pools in the collection under the PCR conditions used. Possibly these 73 primer pairs differed from the others in acceptable conditions for PCR, or they represented sequences that could not be cloned efficiently in Escherichia coli, given the 5Â coverage expected for the number and length of the clones in the library. The remaining 100 microsatellite primer pairs successfully amplified a product from at least 1 BAC pool, representing a total of 212 clones that were individually verified by PCR on the clone itself. Forty-seven of these 100 primer pairs amplified microsatellites in 2 or more potentially overlapping BAC clones. Other microsatellites might have been present in 2 or more clones, but the search was frequently stopped at the first identified clone. Figure 1 shows primer pair Hf11, which amplified a sequence containing (GTT) 5 from plate 6, row L, column 2 in the 5Â coverage Hf BAC library. Two primer pairs, Hf8 and Hf64, each represented by a single BAC clone, produced multiple bands in gels, and thus were not used as FISH probes. The remaining 210 BAC clones, representing 98 distinct microsatellite sequences, were probed against Hf polytene chromosomes to localize map position to chromosome arm. One hundred and seventy of these BAC clones, representing 94 primer pairs, were successfully mapped by FISH to sites that were quite evenly distributed per unit length along the 4 chromosomes ( Table 2) (26 BAC clones) were located on chromosome A2L (Figure 2b,g ), 7 microsatellites (10 BAC clones) were located on chromosome A2S (Figure 2h ), 7 microsatellites (8 BAC clones) were located on chromosome X1L (Figure 2i ), 13 microsatellites (20 BAC clones) were located on chromosome X1S (Figure 2b ,f,j), 9 microsatellites (12 BAC clones) were located on chromosome X2L ( Figure  2e ,i,k), 7 microsatellites (9 BAC clones) were located on chromosome X2S (Figure 2d,e) , and 4 microsatellites of 6 BAC clones hybridized to the pericentromeric heterochromatin of all 4 chromosomes (Figure 2a) .
Six BAC clones, including 2 unique BACs for primer pairs Hf74 and Hf58, failed to map on the Hf chromosomes by FISH after several attempts. The Hf111 microsatellite (from 1 BAC clone) could not be amplified by PCR with the same primer pairs on Hf genomic DNA and also was not used as a probe. Nine other BAC clones, which collectively contained 3 microsatellite sequences, produced conflicting physical locations by FISH. The cloned, sequenced amplicons from these 3 primer pairs were subjected to tblastx (Altschul et al. 1997 ) against Repbase 11.11 and did not hit repetitive elements at e values less than the cutoff of l Â 10 À06 , so they differ from known repetitive elements. In blast alignment with the original targeted Hf sequence, 4 of these 9 matched 100% of the nucleotides, but 5 did not match apart from the primer sites, including all 4 BAC clones that contained Hf67. Another 28 BAC clones, containing microsatellite primer pairs that amplified from more than 1 BAC, produced very weak signals, signal on an unidentified chromosome, or signal at a different position than 2 or more other clones from the same primers. Because the physical chromosome position was known from other BAC clones representing the same microsatellite primers, these 28 BAC clones were not further investigated.
Overall, the orthogonal pools of BACs allowed the efficient recovery of available BAC clones that contain a particular microsatellite locus. Mapped single locus microsatellites, verified by segregation pattern, should prove useful to verify assembly of BAC clones into contigs.
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